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Pilot Safety Study of a Microfabricated Device for Anterior
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Purpose: Anterior stromal puncture is an inexpensive and widely
used technique at the slit lamp to treat recurrent corneal erosions
(RCE), common sequelae of corneal abrasions, trauma, and
epithelial basement membrane dystrophies (EBMDs). The purpose
of this study was to determine safety of a novel anterior stromal
micropuncture device (termed a “plexitome”) for use in the optical
axis of the cornea.

Methods: We performed an IRB-approved clinical pilot study on
45 patients with diverse corneal pathologies to determine the safety
of the plexitome device and examined corneal healing responses
clinically for a minimum of 30 days after treatment. Follow on
efficacy data was collected for treated patients with RCE. Micro-
puncture treatment was performed either through loose epithelial
tissue or after debridement using a cotton tip at the slit lamp. After
“imprinting,” patients were treated with topical medications includ-
ing antibiotics, hypertonic saline/ointment, bandage contact lenses,

and/or patching according to the treating physician’s routine care for
the condition.

Results: Micropuncture using the “plexitome” device did not create
visible scars in the corneal stroma of the 45 patients treated and
followed for at least 30 days. Photographic evidence of imprinting
was seen at in 1 patient at 30 days. There were no significant adverse
events associated with treatment.

Conclusions: Micropuncture of the cornea using the “plexitome”
device does not create optically evident anterior stromal scarring
after treatment. Micropuncture using the device may be an effective
way of treating RCE and other corneal manifestations of EBMD in
the optical axis, which is not currently possible using standard
anterior stromal puncture methods.

Key Words: anterior stromal puncture, recurrent corneal erosion,
corneal abrasion, corneal epithelial basement membrane dystrophy,
epitheliopathy, medical device, micropuncture, “plexitome”, safety
study, human subjects
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Corneal abrasions are the most common eye injuries.
Population-based estimates of nonpenetrating eye inju-

ries suggest up to 2.4 million cases annually in the
United States1,2 but may be as high as 1% of the population.3

Eye-related diagnoses reflect about 8% of total emergency
department visits annually, and of these, ;45% are corneal
abrasions. Epidemiologic estimates of the annual incidence of
corneal abrasions in the United States, based upon Emergency
Department utilization and from reports like the National
Ambulatory Medical Care Survey, range from 274 to
310,000 cases/year.4,5 Importantly, these estimates do not
include corneal abrasions routinely managed by ophthalmol-
ogists and optometrists practicing in the community; thus, the
actual annual incidence of corneal abrasions and recurrent
corneal erosions (RCEs) may be much higher. The incidence
of corneal diseases including abrasions and RCEs also
increases with age, because of the prevalence of epithelial
basement membrane (BM) disease (EBMD) and other age-
related degenerative changes in corneal health.6 Loose
epithelium overlying sites of keratome entry into the anterior
chamber after cataract surgery, termed “occult corneal
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erosion,” was also recently described and may represent
a previously unrecognized risk factor for age-related RCEs in
a very large patient cohort.7

RCEs are common sequelae of large primary corneal
abrasions and age-related corneal degenerations.8–10 The annual
incidence of RCEs is difficult to determine precisely because of
the case:control nature of most published studies, but it has been
estimated to be ;25.4 per 100,000 population, with a crude
prevalence rate of ;1%.11 This equates to 82,320 new patients
with RCEs annually and a prevalence of over 3 million patients
at risk for RCE in the United States because of the chronic and
recurrent nature of the disease. Prospective studies of RCEs
caused by traumatic corneal abrasions estimate the conversion
rate to be ;7.7%.12 However, RCE rates may be much higher,
as much as 20%-30% in treated patients,13 and as high as 50%
after trauma in 1 reported series.14 A 4-year follow-up study of
117 patients with RCEs found that the median frequency of
recurrence was 60 days, but over half of the patients had
a recurrence at least monthly, and 24% had symptoms weekly.15

The greatest risk factor for RCE, other than trauma from an
abrasion, is EBMD, which is present in almost one third of
patients with the condition. These data suggest that current
treatment regimens for RCEs are often insufficient to prevent or
control disease recurrence, consistent with the experience of
many practitioners.

The mainstay of current clinical practice remains conser-
vative therapy for primary corneal abrasions and RCEs. This
includes topical lubricants and antibiotic drops, ointments, lid
patching, bandage contact lenses, autologous serum eye drops,
amniotic membranes, and often superficial epithelial debride-
ment (ED).16 For those patients who fail conservative manage-
ment, anterior segment surgical procedures to the corneal
surface can be helpful. The most widely used superficial
surgical treatments are anterior stromal puncture (ASP),
superficial keratectomy and/or diamond burr polishing (DBP),
and less commonly, phototherapeutic keratectomy (PTK).

ASP is an inexpensive and often effective technique for
treating and reducing the recurrence rates for RCEs.17,18 The
procedure uses a bent (usually 25-gauge) needle tip to
puncture Bowman membrane and the underlying anterior
stroma in the region of the recurrent erosion. The procedure
causes anterior stromal scarring, which seems to improve the

adherence of the basal epithelial layer. However, ASP is
limited to areas of the cornea that exclude the optical axis,
because of the formation of visible scars from the treatment
that can damage the patient’s vision.19,20 Although often
effective, recurrence rates of RCEs are common. ASP has
also been performed using the Nd:YAG laser.21

Other procedures, including superficial stromal keratec-
tomy with DBP22,23 and PTK24,25 using the excimer laser, have
also been shown to be effective and can be performed in the
optical axis. These procedures can reduce the recurrence rates of
erosions compared with conservative therapy. There is less
scarring from DBP and PTK compared with ASP; however,
central corneal haze has been reported in studies using both
techniques23 and occurred in 22% and 28% of patients,
respectively, in 1 study comparing these techniques.26 DBP of
the cornea is time consuming, can cause permanent damage to
Bowman layer and the anterior corneal layers,27 and may confer
additional risk of scarring in patients who have had a LASIK
procedure.28 Removal of the BM at the time of stromal
wounding substantially increases epithelial healing time in animal
studies, suggesting that aggressive DBP treatment of patients
with RCEs may paradoxically impede reepithelialization of the
cornea.29 PTK is expensive and requires specialized training and
equipment, significantly limiting its utility for the treatment of
RCEs in routine clinical office practice. Recurrence rates may
also be as high as those seen for office-based procedures like
ASP and DBP.30,31 Subepithelial haze is a common complication
of superficial keratectomy and DBP. Subepithelial haze has been
reported to occur in up to 35% of patients treated with PTK and
up to 26% of patients undergoing DBP for various diseases and
may be long-lasting or even permanent.23,27

This paper describes the results of an IRB-approved pilot
human clinical safety study using a “plexitome,” a Class I, hand-
held, single use medical device (Bihler Medical, MA) designed
to perform anterior corneal stromal “micropuncture” in the
optical axis. The device was used to treat patients with a variety
of corneal epithelial diseases including large corneal abrasions,
RCEs, EBMD, and pseudophakic bullous keratopathy. A total
of 45 patients were enrolled, treated, followed clinically with
slit-lamp examinations 7 and 30 days after treatment using
a variety of methods to assess the treated cornea for evidence of
detectable scarring after micropuncture imprinting.

FIGURE 1. Plexitome device. Left: Low mag-
nification scanning electron micrograph (SEM)
of the etched, 6.2 mm diameter glass disc. The
central spikes are surrounded by a protective
retaining wall that also limits the depth of tis-
sue penetration. Right: Higher magnification
SEM showing a lateral view of the etched
spikes. The height of the spike projection
above the retaining wall is between 134 and
155 mm. Only the anterior portion of each
spike can penetrate corneal tissue because of
the density of the array. (The full color version
of this figure is available at www.corneajrnl.
com.)
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MATERIALS AND METHODS

Plexitome
The “plexitome” is an FDA-registered Class I medical

device made using glass rods and tubes of different borosilicate
compositions, bundled and drawn through multiple iterative
cycles, and then fused under high heat to generate a solid rod
comprised of many small, aligned, cladded glass fibers.32,33

The fused rods are sliced into discs, polished, and etched. High
magnification and scanning electron micrograph views of the
instrument tip used for the study are shown (Fig. 1). The spikes
extend ;135–150 mm above the disc’s protective outer
retaining wall, with a pitch (interspike spacing) of ;200 mm.
The density of the spike array (conceptually like a “bed-of-
nails”) restricts the penetration of individual spikes, that is, the
spikes cannot penetrate into the cornea beyond the very
anterior portion of the spike tip.33 The 6.2 mm diameter disc
array used in the study is comprised of;675 individual spikes;
thus, a single imprint creates ;675 potential points of
epithelial attachment for a corneal defect or loose overlying
epithelial tissue. Five imprints (eg, treating the entire cornea)
create as many as 3375 potential points of epithelial attachment
over the treated corneal surface.

IRB-Approved Pilot Study
The study was registered and performed through the

Western Institutional Review Board (WIRB, Puyallup, WA).
The described research adhered to the tenets of the Declara-
tion of Helsinki. Patients in the practices of the treating
coauthors, who were undergoing treatment for corneal
epithelial disease or injury and who met inclusion criteria,
were offered the opportunity to participate. Informed consent
was obtained for all subjects enrolled in the study. Data were
collected in this study using a HIPAA compliant data room on
a commercial data collection platform (Qualtrics XM; Seattle
WA). Clinical exam records, imaging data, follow-up data,
subsequent results, and any adverse events were monitored
after the care event for a minimum of 30 days or longer
according to the treating physician’s recommendation. A Data
Safety and Monitoring Committee reviewed the clinical data
throughout the performance of the study.

Inclusion Criteria: 1) male or female subjects aged
21 years or older; 2) clinical evidence of corneal abrasion,
RCE, bullous keratopathy, neurotrophic keratopathy, or other
causes of epithelial cell loss resulting in the formation of
corneal epithelial bullae or occult corneal erosions; 3) ability
to comply with a slit-lamp eye examination and recommen-
ded treatments, and with follow-up examinations at 7 days
and 30 days after initial exam and treatment. Exclusion
criteria: 1) acute abrasion documented by history .24 hours
before presentation, 2) corneal stromal thinning .50%
thickness in the area of planned treatment, 3) prior history
of LASIK surgery, 4) inability to comply with follow-up
examinations, and 5) evidence of infectious keratitis in the
area of planned treatment.

At each time point, subjects enrolled in the study
underwent a standard anterior segment eye examination using
the slit lamp, including a clinical history and documentation
of best-corrected visual acuity. Loose areas of intact epithe-
lium and bullae in symptomatic patients were identified using
the recently reported corneal sweep testing method.7 Subjects
were treated with the plexitome device according to the
following protocol:

1. Day 0 - Slit-lamp eye exam with surface fluorescein
staining, slit-lamp corneal photographs (6 other cor-
neal topography imaging methods at the discretion of
the treating physician),

2. Day 7 (62) - Slit-lamp eye exam (with surface
fluorescein staining, if indicated), slit-lamp corneal
photographs, or other corneal topography imaging
methods at the discretion of the treating physician,

3. Day 30 (67) - Slit-lamp eye exam (with surface
fluorescein staining, if indicated), slit-lamp corneal
photographs, or other corneal topography imaging
methods at the discretion of the treating physician.

Treatment Description
After examination and photography on day 0, the

surface of the eye was anesthetized using a drop of sterile
anesthetic. Subjects enrolled in the study had areas of
denuded or loose epithelium (in the case of abrasions/

FIGURE 2. Treatment strategies for corneal
epithelial diseases treated in the pilot study.
Left: Primary corneal abrasions and recurrent
erosions less than 6 mm in diameter were
treated using a single plexitome imprint (yel-
low circle). Right: Example of 5 overlapping
imprints performed to treat the entire corneal
surface for bullous keratopathy, large areas of
“loose” epithelium, erosions .6 mm (with or
without debridement), and epithelial abra-
sions. (The full color version of this figure is
available at www.corneajrnl.com.)
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erosions) debrided according to the investigator’s routine
clinical practice and treatment performed directly to the
exposed corneal stroma. In cases of bullous or loose epithelial
disease, the corneal stroma was treated by imprinting through
the loose epithelium using a sterile plexitome device. In cases
of treatment during vitrectomy, the cornea was treated
broadly with multiple applications of the plexitome device
after the epithelium had been removed to improve visualiza-
tion. The corneal surface was engaged with the device at the
slit lamp (or under the operating room microscope) using
slight orthogonal pressure to depress the apical corneal
surface until the device tip flattened the cornea in the affected
area (Supplementary Video 1). Additional applications were
applied to the cornea in the same treatment setting if the size
of the area being treated exceeded 6 mm in diameter, for
example, the treatment of diffuse EBMD or vitrectomy
surgery (Fig. 2).

The safety study was designed to reflect “real world”
management of epithelial disease and RCEs, which can vary
between practitioners, depending on their training and
personal experience managing these diseases. Topical steroids
were not used for any patient for 2 reasons: steroids could
mitigate potential scarring and the goal of the study was to
determine if imprinting alone would cause corneal scarring
and also because steroids are not typically used by practi-
tioners in the treatment of corneal abrasions and erosions. On
completion of imprinting, the surface was examined for any
loose epithelial debris, and if present, it was removed
manually or by irrigation with balanced salt solution, with
topical antibiotic drops or ointment applied after and pre-
scribed at the investigator’s discretion. The eye was lubricated
and either patched overnight or had a bandage contact lens
placed by the physician in accordance with their standard
practice.

Main Outcome Measures
The primary safety end point measure for this study

was:

1. The appearance of the cornea under slit-lamp exami-
nation (with high-resolution photography and/or other
imaging methods if available) at 7 days and at 30 days
after treatment.

2. Secondary outcomes (where available) were detectable
changes in corneal topography measurements at 7 or
30 days after treatment, as determined by keratometry
or other imaging methods.

RESULTS

Demographics of Treated Patients
The patient cohort was comprised of adults of both

sexes, the female:male ratio was 33:12. The mean age of
treated patients was 60.25 years (SD 16.93 years, range 21–
83 years). Diverse corneal epithelial diseases were treated in
the study. The etiology of the underlying corneal disease
treated is shown in Table 1. Medical treatment before and

after plexitome imprinting was performed at the discretion
of the treating physician. These included lubrication,
hypertonic drops or ointment, patching and/or placement
of a bandage contact lens, and, where indicated, ED. Thirty-
one patients had a prior history of RCEs and previous
treatment for the condition. Of these, 10 had previously
undergone ED during a prior episode. The remainder had
been treated with topical therapy as described above. One
treated patient had previously undergone DBP. Examples of
pretreatment slit-lamp photos of patient corneas are shown
(Fig. 3).

Imprinting
Micropuncture (“imprinting”) of corneal epithelial

defects was performed at the slit lamp or operating micro-
scope. The plexitome was applied to the anesthetized corneal
surface and gently pressed to flatten the cornea under the tip
of the device (Supplementary Video 1). Once the cornea is
observed to flatten the pressure is released and the tip
removed in an orthogonal manner. Examples of corneas
treated using the plexitome are shown (Fig. 4). Micropuncture
of both bare corneal stroma and through the corneal
epithelium is seen (Fig. 4, left).

The therapeutic response to plexitome treatment was
not an end point for this short-term safety study but was
recorded by the treating physician. Thirty-nine treated
patients demonstrated healing of abrasions or RCEs within
the first 7 days. One patient was retreated between day 7
and day 30 and had no recurrence of erosion after the
second treatment. Three patients healed the epithelial
defect between day 7 and day 30. Two patients had
evidence of a persistent small epithelial erosion at the
day 30 exam.

Safety
There was no evidence of any retained material (eg,

glass shards) in any patient immediately after treatment or at
the day 7 slit-lamp exam. The corneas of treated patients were
also examined clinically for the presence of features of
micropuncture at day 7 and day 30 after imprinting. Except
for 2 patients (described below), features of micropuncture
were not seen in treated patients at slit-lamp reexamination on
day 7. Example photographs of 9 treated patient corneas on
day 7 are shown (Fig. 5). Stromal scarring was not seen in any
treated patient at the 30-day follow-up visit; examples of
which are shown (Fig. 6).

TABLE 1. Etiology of Epithelial Disease in Treated Patients

Primary abrasion* 9

Recurrent corneal erosion 31

EBMD/PBK 4

Corneal edema 1

*Patients who underwent ED during vitrectomy surgery.
PBK, pseudophakic bullous keratopathy.
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Corneal Imaging Metrics
The impact of imprinting on corneal topography was

difficult to assess in the acute phase of treatment because of
the epithelial disease present and its effect on keratometry
metrics. Follow-up corneal topography imaging studies at day
7 and day 30 were performed in several patients after healing
of the epithelial defect and did not demonstrate evidence of
changes in corneal topography, within the measurement error
of the imaging platforms (Table 2, Fig. 7). An OCT imaging
study at 30 days after micropuncture did not demonstrate any
micropuncture defects in the corneal stromal anatomy
(Fig. 8), but studies of more patients will be required to
confirm this conclusion.

Adverse Events
Adverse events after treatment were rare. Two patients

who had treatment through intact (loose) epithelium reported
eye pain for 2 days after treatment of their condition. The pain
was managed using acetaminophen and resolved. One patient
reported flashes and floaters during the 30-day posttreatment
period and was diagnosed with an uncomplicated posterior
vitreous detachment in the treated eye. It is theoretically
possible that this was in part contributed to by anteroposterior
compression of the cornea during imprinting. No patients

developed new corneal scarring, stromal haze, or had evident
worsening of preexisting stromal haze (in cases of RCE) after
plexitome treatment. There were no cases of infectious
keratitis after treatment using the plexitome.

One patient had photographic evidence of imprinting
seen only at day 7, and a second patient had photographic
evidence of imprinting seen only at the day 30 exam. These
features were not evident to the treating physician at the slit
lamp but were subsequently seen in the photographs taken
during that visit. They are visible only in the area immediately
surrounding the bright flash reflection and not seen in the
remainder of the treated cornea (Fig. 9). These findings are
discussed in more detail below.

DISCUSSION
ASP creates an array of scars in the anterior stroma that

provides a foundation for improving the attachment of the
basal cells of the corneal epithelium.29 If a corneal abrasion
damages Bowman layer, the basal epithelial attachments
(hemidesmosomes and anchoring fibrils) are disrupted and
fail to properly reform. Abnormal regrowth of BM complexes
occurs with reduced numbers of anchoring fibrils, increasing
the risk of epithelial sloughing.34–36 This loss of mature
hemidesmosome attachments to the BM after a corneal

FIGURE 3. Fluorescein-stained slit-lamp photographs of subjects before anterior stromal micropuncture. Large recurrent erosion
(left). Primary corneal abrasion (middle). Epithelial BM disease with poorly adherent, loose epithelial folds (right). (The full color
version of this figure is available at www.corneajrnl.com.)

FIGURE 4. Slit-lamp appearance of a partially
debrided corneal erosion immediately after
plexitome imprinting (left). Fluorescein stain-
ing of a different cornea imprinted through
intact epithelium is also shown (right). The
regular array of spike imprints is seen in both
images. The blunt impression of the structural
retaining wall surrounding the spikes is also
seen. (The full color version of this figure is
available at www.corneajrnl.com.)
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abrasion leads to impaired epithelial adherence and increases
the risk of RCEs.

Our current understanding of the biological and ana-
tomical responses of the cornea to ASP is incomplete. In vivo
confocal microscopy after ASP shows keratocyte activation
and migration of dendritic cells in the cornea as an early
wound healing response, lasting as long as 6 months after
treatment, similar to responses seen in the sub-basal corneal
nerve plexus.37 The corneal scars formed by current ASP
methods seem to enhance basal epithelial cell attachment but
cause optically significant corneal damage.

The concept underlying of the “plexitome” device
used in this study is that the placement of many microscopic
scars in the superficial anterior corneal stroma can enhance
corneal epithelial healing and reduce the incidence of RCEs
by creating up to thousands of focal attachments points
(“micropuncture”) for the regenerating basal epithelial cells

to adhere to in the bed of the injured epithelium. Preclinical
studies of corneal imprinting using the plexitome device was
shown to create a regular array of shallow anterior stromal
defects with minimal histological evidence of corneal
stromal scar formation.33 Plexitome micropuncture seems
to create a broad, regularly spaced field of optically invisible
scars that may help to maintain epithelial attachments,
thereby permitting the treatment of RCEs, EBMD-
associated diseases (eg, bullous keratopathy) and possibly
other recalcitrant diseases of the corneal epithelium that
commonly occur in the optical axis of the cornea. This pilot
clinical study examined the safety of plexitome imprinting
for several different corneal epithelial diseases. The study
showed that there is no clinically evident anterior corneal
stromal scarring 30 days after treatment, whether applied
directly to the denuded corneal stroma or used for trans-
epithelial micropuncture (Fig. 6).

FIGURE 5. Slit-lamp photographic montage of the corneas of 9 patients treated using the plexitome device at day 7 after
treatment. Micropuncture imprints or scars are not seen. (The full color version of this figure is available at www.corneajrnl.com.)
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Previous histological studies in animal corneas showed
both focal subepithelial cellular attachments underlying the
imprint sites and areas of deeper limited penetration through
Bowman layer into the anterior stroma. Areas of focal
epithelial downgrowth into the stroma showed minimal
disruption of the organization of the superficial corneal
lamellae.39 We believe that the focal anterior stromal defects
seen only on flash photography (Fig. 9) are a manifestation of
this demonstrated healing pattern (see Supplemental Figure,
Supplemental Digital Content 1, http://links.lww.com/ICO/
B703). The imprints seen immediately (and only) surrounding
the incident bright light on the corneal surface are caused by
diffuse reflection of the light from the focal ingrowth of
surface epithelium, the sites of epithelial cell adhesion
resulting from micropuncture. Importantly, these features
are optically invisible in the absence of a focal bright flash

on the corneal surface, as is seen in Figure 9. Glare testing
was not performed in these safety studies but will be assessed
in follow-up examinations of these patients.

Limitations of the Study
Micropuncture imprinting was performed either

through the corneal epithelium or directly to the corneal

FIGURE 6. Slit-lamp photographic montage of the corneas of 9 patients treated using the plexitome device at day 30 after
treatment. Micropuncture imprints or scars are not seen. The corneas shown at the 4 corners of the image are 30-day images of
the same patients shown in those locations in Figure 5. (The full color version of this figure is available at www.corneajrnl.com.)

TABLE 2. Pentacam Keratometry of Example Treated Patients

Patient Day 7 Cyl@Axis Day 30 Cyl@Axis

2913 2.6 @ 174.6 2.9 @ 172.5

2197 1.3 @ 81 1.3 @ 81.4

3253 1.3 @ 002 1.1 @ 179.8
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stroma in areas of denuded epithelium in patients enrolled in
the study. There was no clinically evident scarring when
either method was used, but theoretically deeper penetration
of spikes in deepithelialized corneas may have a different
impact on anatomy and therapeutic effect. Long-term studies
of the efficacy of plexitome micropuncture will be required to
determine its impact on reducing the recurrence of corneal
erosions or time to complete reepithelialization. Similarly,
transepithelial imprinting of poorly adherent, “loose” epithe-
lial tissue seemed to enable more robust short-term adherence
of the epithelium in treated patients, as observed by the
treating physicians (personal communications). Longer
follow-up studies and larger cohorts will be required to
determine whether improved adherence is sustained in
patients with these and other epithelial diseases.

The ultimate clinical goal of imprinting with the
plexitome is to achieve a meaningful therapeutic benefit to
reduce the incidence, prevalence, and recurrence rates of
RCEs in patients with EBMD, after surgical and nonsurgical
trauma, and for other chronic and recurrent epithelial diseases

of the cornea. This pilot safety study was not designed to
demonstrate a therapeutic benefit for the patients treated. In
addition, flexible posttreatment medication regimens (6BCL
use) was permitted to reflect “real world” management of
epithelial diseases, which could impact the ultimate results of
treatment. Longer-term follow-up and treatment of larger
cohorts of patients with corneal epithelial diseases will be
required to demonstrate its potential benefit for these chronic
and recurrent conditions. In addition to fostering reattachment
of loose epithelium, transepithelial imprinting could theoret-
ically enhance the delivery of topical medications to the
corneal stroma and anterior chamber such as steroids or
antibiotics. Similarly, it may permit the targeted delivery of
riboflavin to areas of corneal ectasia for crosslinking in the
treatment of keratoconus without requiring deepithelization of
the cornea, or even impact progression of ectasia
biomechanically.

We did not determine whether micropuncture may
impact the refractive status of the eye beyond the 30-day
end point assessment. Theoretically, a regular array of small

FIGURE 7. Pentacam images of a patient treated using the plexitome. Day 7 images (left) and images ;6 weeks later (right) are
shown. There is no evidence of significant changes in the cornea topography after imprinting of this patient. (The full color version
of this figure is available at www.corneajrnl.com.)

FIGURE 8. High-resolution OCT
image of the cornea of a patient,
30 days after treatment. The tear
film layer, hyporeflective epithelial
layer, and stroma are well seen.
There is slight anterior stromal hy-
perreflectivity beneath treated
(healing) epithelium present at
30 days, but no focal stromal defects
are seen on the image (asterisk, left).
Slit-lamp color photos do not show
any evidence of focal stromal scar-
ring in the treatment bed (right).
(The full color version of this figure is
available at www.corneajrnl.com.)
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subepithelial scars in the optical axis could flatten the cornea
leading to a hyperopic shift in the refractive error. There was
no evidence of detectable changes in the keratometry of
patients treated with the plexitome after epithelial healing, but
larger, longer-term assessments of keratometry and refractive
error will be required to validate this conclusion. The impact
of imprinting on visual acuity was not determined because of
the presence of significant epithelial disease at the time of
treatment. Similarly, corneal topography studies were of
limited use in the acute phase of treatment, because of the
underlying epithelial disease being treated. Corneal topogra-
phy performed on patients at day 7 and day 30 showed no
evidence of changes in metrics, but more patients will need to
be imaged to confirm these finding and longer-term outcomes
assessed to confirm safety beyond 30 days. There was no
evidence of anterior stromal scars seen on an OCT after
imprinting. Additional imaging studies using anterior seg-
ment OCT, ultrasound biomicroscopy, epithelial mapping,
and other anterior segment imaging methods may yield
additional high-resolution evidence of the healing response
to plexitome imprinting and its effect on the corneal anatomy.

CONCLUSIONS
Forty-five patients with diverse corneal pathologies

including RCEs, EBMD, large primary abrasions, and other
conditions with nonadherent epithelium were treated using
the “plexitome” device. Our preclinical results predicted that
micropuncture would not cause visually significant corneal
scarring in treated patients. This prediction has been borne out
in the results presented in this pilot safety study, which
demonstrated that plexitome imprinting does not create
clinically visible corneal scarring in treated patients. Although
longer-term outcome studies will be required to confirm these
safety results, potential efficacy for the treatment of RCEs,
and the potential impact of micropuncture on corneal anatomy
and refractive status, ASP using the “plexitome” device and
methods described here seems to be safe for use in the optical
axis of the cornea for the treatment of RCEs and a variety of
diverse corneal epithelial diseases.

Micropuncture seems to be both a promising alternative
to needle-based ASP and as an ancillary technique to aid in

corneal epithelial adhesion and healing. The potential to treat
nonadherent epithelium and bullae to enhance reattachment of
the epithelium by direct imprinting of the corneal stroma
through the loose epithelial tissue may be of particular interest
because of the prevalence of these findings in large cohorts of
patients with EBMD and, as recently reported, after routine
cataract surgery.7
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